Summary:
The histopathological and hemodynamic con sequences of photochemically induced middle cerebral artery (MCA) thrombosis and recanalization were studied in the rat. Recanalization of the thrombosed MCA segment was achieved by the topical application of nimodipine at 1 h following photochemically induced oc clusion. Pathological consequences of permanent and temporary occlusion were compared by morphometric procedures 7 days following thrombus formation. Rats with permanent thrombosis exhibited consistent infarc tion of both striatum and cortex. MCA recanalization at I h was associated with a significant reduction in total in farct volume. In recanalized rats, small cortical infarcts, confined to the peripheral MCA territory, were observed in only three of six rats. In contrast, a mixed pattern of In human thromboembolic stroke, spontaneous recanalization of an occluded cerebral artery is fre quently observed (Skyh\i?j Olsen and Lassen, 1984) . Reperfusion of previously ischemic tissue may af fect the clinical course of stroke in different ways depending upon the duration, severity, and location of the ischemic event. At times, it may give rise to deleterious effects, including severe brain edema, hemorrhagic infarction, and brain herniation (Hornig et al., 1986) . These adverse effects of re-infarction and ischemic cell damage was documented throughout the striatum in all rats. Local CBF (lCBF), measured autoradiographically, was significantly reduced in the MCA territory following 1 h of MCA occlusion, especially within the striatum. At 1 h after recanalization, lCBF recovered within the previously ischemic brain re gions to >50% of control. Perfusion deficits were de tected by carbon black infusion within focal areas of the striatum following reperfusion. Thus, cortical neurons appear to tolerate 1 h of MCA occlusion in this model. In contrast, reperfusion following I h of photochemically in duced MCA occlusion gives rise to selective injury to the striatum. Key Words: Cerebral blood flow-Middle cere bral artery occlusion-Nimodipine-Photochemistry Rats-Recirculation-Thrombosis.
perfusion are thought to occur following ischemic disintegration of the microvasculature-a hallmark of severe, prolonged ischemia.
Studies of the safety and efficacy of cerebral re perfusion have given rise to inconsistent results. For example, the critical period of experimental middle cerebral artery (MCA) occlusion for the production of infarction has variously been re ported to range from 1 to 4 h (Tamura et al., 1980; Crowell et aI., 1981; De Girolami et aI., 1984; Weinstein et al., 1986) . Occlusion of the MCA in large animals produces an ischemic insult whose degree and spatial extent tend to be variable (Garcia, 1984) . Rodent models of MCA occlusion are advantageous in that the ischemia is more con sistent, and auto radiographic measurements of CBF and glucose metabolism may be easily per formed without prohibitive expense (Tamura et al., 198 1; Tyson et aI., 1984) . However, previous workers with this model have had difficulty in achieving consistent recirculation owing to the fra gility of the MeA when mechanically occluded and later released (Shigeno et al., 1985) .
A recent development in our laboratory has en abled consistent focal ischemia to be achieved by occluding the proximal portion of the MeA with a platelet thrombus induced in situ by a photochem ical technique (Nakayama et aI., 1987; Watson et aI., 1987) . In this model, recirculation can be in duced by the topical application of the calcium entry blocker nimodipine to the occluded MeA segment. Vasodilation of the occluded MeA seg ment with ensuing fragmentation and washing away of the thrombotic material enables satisfactory re flow through the previously occluded vessels. In the present study, we have compared the histopath ological consequences of permanent MeA occlu sion with those seen following 1 h of transient focal ischemia. These histopathological consequences were correlated with hemodynamic and microcir culatory alterations following recanalization.
MATERIALS AND METHODS
Normally fed male Sprague-Dawley rats, weighing 280-330 g, were used in these studies. Anesthesia was induced with 4% halothane and maintained with 1.5% halothane, 70% N20, and a balance of O2 delivered through a closely fitting face mask. Polyethylene cath eters were inserted retrogradely into the right external carotid artery and right femoral artery and vein. PaOZ, PaCOZ, and arterial pH were measured frequently. Rectal temperature was maintained at 3rC by means of a heating pad.
Photochemically induced MeA occlusion
Rats were mounted on a stereotaxic frame, and the right MCA was exposed by a modified subtemporal ap proach. A portion of the jaw was removed, and the mas seter muscle was retracted downward to facilitate expo sure of the MCA. The mandibular joint was kept intact so as not to disturb normal feeding. To produce MCA occlu sion in these studies, a low-power He-Ne laser operating in the TEM*o l (doughnut) mode at 0.8 mW and at a wave length of 543.5 nm (PMS Electro-Optics, Boulder, CO, U.S.A.) was used. The efficiency of this laser in inter acting with the photosensitizing dye rose bengal is nearly maximal in that its emission wavelength is near the ab sorption maximum of rose bengal in tissue (-562 nm). The animal was mounted in a stereotaxic frame, and its right side was tilted upward by -35° in order for the laser beam to strike the proximal MCA tangentially. The ring shaped beam was focused transversely onto the exposed MCA by two crossed cylindrical lenses of 1-and 2-in focal length. The resulting focused spot, rectangular in shape, was -200 f.lm wide (spanning the diameter of the MCA perpendicular to its axis) and 40 f.lm long (parallel to the MCA axis).
MCA thrombosis was induced in two steps. First, the linear beam was focused transversely on the MCA seg ment just distal to the rhinal branch. The intensity of laser irradiation at the focal site was 10 W/cm 2 • Rose bengal was then injected intravenously (30 mg/ml in sa line, 0.67 mllkg body weight). An orange fluorescence was immediately observed in the irradiated MCA seg ment, and a white thrombus began to form within the flu orescent segment and gradually elongated rostrally. Within 10 min, the MCA was completely occluded by a white thrombus, the length of which was about two times the diameter of the MCA (-400 f.lm). Complete MCA oc clusion was confirmed by inspection of the vessel during the injection of a 100-f.l1 saline bolus through the retro grade external carotid catheter. Next, the laser beam was moved to the horizontal portion of the MCA, distal to the olfactory tract and proximal to the rhinal branch. A second thrombus was then induced at that site following an additional injection of the same dose of rose bengal. By the end of the second irradiation, a thrombus -1.2 mm in length was present in the MCA, centered at the olfactory tract.
In rats not destined for recirculation, bipolar electro coagulation of the MCA was carried out at the rostral end of the thrombus to prevent spontaneous or drug-induced recanalization. To examine the effect of topically applied nimodipine on infarct size following permanent MCA thrombosis, one-half of these control animals (nimodi pine controls) were subsequently treated with nimodipine applied topically to the surface of the MCA.
Recanalization procedure
At 1 h after the induction of MCA thrombosis, the dura was incised along the MCA, and 150 f.ll of 20 f.lM nimodi pine was applied to the entire thrombosed MCA segment. Immediately thereafter, blood was observed to interca late between the thrombus and the dilating artery. This infiltrating process was observed at both ends of the thrombus, with complete recanalization being achieved within 2 min. Concomitant with recanalization, the thrombus began to fragment and was washed down stream in tiny pieces. However, small amounts of throm botic material frequently remained attached to the irra diated arterial wall. In some rats, rethrombosis was ob served at this site, once the dilating effect of nimodipine had ceased. Rethrombosis was easily prevented by reap plication of nimodipine. The patency of the previously thrombosed MCA segment was confirmed by direct vi sual observation for at least 15 min following recanaliza tion. Rats that exhibited repeated rethrombosis or grossly inadequate reperfusion through the previously occluded segment (as judged by a bolus saline injection through the external carotid artery) were excluded from subsequent histopathological study. After final confirmation of the patency of the recanalized MCA segment, the wound was closed, and rats were returned to individual cages and allowed free access to water and food until the day of killing.
Histopathological study
Three groups of rats were studied by light microscopy: (a) nonreperfused without nimodipine, (b) nonreperfused with nimodipine, and (c) I-h occlusion, reperfused group. On the seventh day, rats were tracheostomized under 2% halothane anesthesia, immobilized with d-tubocurarine 5 mg/kg i.p., and mechanically ventilated. The heart was next exposed by a median sternotomy, and the ascending aorta catheterized via the left ventricle. Perfusion fixa tion was initiated with a transcardiac infusion of saline for 20 s under a constant pressure of 110 mm Hg. The per fusate was then switched to a mixture of 40% formalde hyde, glacial acetic acid, and methanol (FAM) (l: 1:8 vol) and continued for 20 min. The animal was decapitated and the head immersed in FAM and stored overnight at 4°C. The brain was then removed from the skull and the MCA segment was examined under a dissecting micro scope to assess patency or stenosis. Coronal brain blocks were embedded in paraffin, and 10-!-lm sections were prepared at 250-!-lm intervals. These sections were stained with hematoxylin and eosin. Eight coronal levels with easily identifiable anatomical landmarks were chosen for morphometric study, as previously described (Gotoh et aI., 1986) . At low power (x 1), the infarcted area was traced onto paper using a camera lucida attach ment. Each drawing was then traced onto a digitizing tablet (Summagraphics) interfaced to a PDP 11144 mini computer, which computed infarct areas at each coronal level. To tal infarct volume was derived by means of nu merical integration of sequential infarct areas.
Ultrastructural study
A separate group of rats that underwent photochemical occlusion with and without recanalization was analyzed by scanning electron microscopy. At 15 min (n = 2) fol lowing thrombosis, or at 1 h (n = 2) or 7 days (n = 2) following recanalization, rats were perfusion fixed with a mixture of 2% paraformaldehyde and 2.5% glutaralde hyde in a 0. 1 M sodium phosphate buffer. Perfusion pres sure was again monitored throughout the procedure and maintained at 110 mm Hg. Following perfusion, the brain was removed from the cranial vault and placed in fresh chilled fixative (4°C) for 2 h. The brains were then re turned to chilled 0.1 M sodium phosphate buffer at 4°C for 2 h. With the aid of a dissecting microscope, the irra diated MCA was dissected free from the surface of the brain and placed in buffer. The MCA was cut longitudi nally with a scalpel blade to expose the luminal surface (Dietrich et aI., 1980) , dehydrated in graded ethanols, and placed in Freon. The tissue was then critical point dried, coated with gold, and examined and photographed with a JEOL JSM-35C scanning microscope. The irradiation sites as well as luminal surfaces distal to the MCA were examined. The remaining brain tissue was processed for future ultrastructural analysis.
Autoradiographic measurement of local CBF
Local CBF (lCBF) was measured by [14C]iodoanti pyrine autoradiography. Three groups of rats were studied: (a) sham-operated controls (n = 4), (b) I-h MCA occlusion (n = 4), and (c) I-h MCA occlusion with I-h recirculation (n = 6). Rats were removed from the ste reotaxic table 1 h before CBF measurement and venti lated mechanically through a tracheostomy tube. Immo bilization by the intraperitoneal injection of tubocurarine chloride was carried out.
For autoradiographic study, 30 !-lCi [14C]iodoantipyrine (New England Nuclear, Boston, MA, U.S.A.) dissolved in 1 ml isotonic saline was infused into the femoral vein at a constant rate over 45 s by means of a Harvard infusion pump. Arterial blood samples were collected from the femoral artery catheter at 2-s intervals. Rats were decapi tated by an air-driven guillotine at the end of the study period. Brains were quickly removed from the skull and frozen in liquid nitrogen. Autoradiograms were prepared from 20-!-lm-thick coronal sections cut from the frozen brain with a cryostat. Dried sections and precalibrated [ l 4Clmethyimethacryiate standards (Amersham, Ar lington Heights, IL, U.S. A.) were exposed to Kodak SB-5 x-ray film for 10 days. lCBF was calculated from quantitative densitometry as previously described (Sa kurada et aI., 1978) .
Carbon black infusion study
To investigate the microcirculatory status at 1 h fol lowing recanalization, carbon black perfusion was car ried out. Rats (n = 4) were mechanically ventilated as discussed in the lCBF studies. At 1 h after recanalization following I h of MCA occlusion, median tracheo tomy was performed and the ascending aorta was cathe terized via the left ventricle. Blood was first washed out of the brain vasculature by isotonic saline infusion. Next, 40 ml of filtered carbon black was infused under a con stant pressure of 110 mm Hg. Rats were then decapitated with the cessation of infusion and the brains removed and placed in FAM at 4°C for 24 h. Brain sections (50 !-lm) were then made with a Vibratome. Sections were mounted on glass slides, cleared, and examined with dis secting and light microscopes.
RESULTS
Physiological variables before and following MCA thrombosis were within the normal range (Table O . Arterial plasma glucose was 173 ± 3 mg/dl (mean ± SE) in nonfasted preischemic rats. In those rats undergoing recirculation, all MCAs were patent by visual inspection when examined on the seventh day, and none showed apparent ste nosis.
Histopathology
Nonreperfused group without nimodipine treat ment. Seven days following photochemically in duced MCA thrombosis, a well-demarcated infarct restricted to the MCA territory was noted in all rats (n = 7). A typical example is shown in Fig. lAo The dorsolateral frontoparietal cortex and the central and dorsolateral portions of the striatum were con sistently infarcted, while the most medial aspect of that structure, nucleus accumbens, and globus pal lidus were consistently spared. Cortical and sub cortical zones of infarction were confluent and con tained lipid-laden macrophages. The distribution of infarction is shown in Fig. 2 . Interanimal variation in infarct size was less in the striatum than in the neocortex, though some degree of cortical infarc tion was noted in every rat. The total volume of infarction was 32.6 ± 10.1 mm3 (mean ± SE) for the neocortex, 19.5 ± 1.5 mm3 for the striatum, and 53.4 ± 12.1 mm3 for total hemispheric infarc tion.
NonreperJused group with nimodipine treatment. The results in this group (n = 6) are shown in Fig. 2 and Table 2 . Infarction was again routinely re stricted to the MeA territory. Infarct volume tended to be larger in both cortical (48.7 ± 19.9 mm3) and striatal (24.5 ± 2.3 mm3) areas compared with the nontreated permanent occlusion group, al though these differences were not statistically sig nificant. The degree of interanimal variability in cortical volume appeared greater in this group than in the nonreperfused rats without nimodipine treat ment, and the posterior cerebral artery territory was occasionally involved. Two rats in this group died during the 7-day observation period, prior to histological examination.
J Cereb Blood Flow Metab, Vol. 8. No.3. 1988 One-hour occlusion, reperJused group. Both striatal and cortical infarct volumes were signifi cantly decreased in the reperfused group (n = 6) compared with nonreperfused rats (Table 2) . Non hemorrhagic striatal infarcts, typically dorsolateral in location, were present in all rats ( Fig. 1B and C) . Necrotic zones were frequently bordered by tissue showing signs of neuronal necrosis within intact neuropil. In histological sections taken adjacent to sites of infarction, neuronal necrosis in the absence of frank infarction could also be detected. In these regions, small-to medium-sized neurons were se lectively damaged and white matter tracts vacuo lated (Fig. 1D ). For quantitative purposes, only brain regions demonstrating pallor of staining and coagulative necrosis affecting all tissue elements were included in the infarct analysis.
In four of six rats, cortical necrosis at the site of MeA irradiation was detected. This zone appeared to correspond to the distribution of the lenticulo striate branches of the MeA and in some cases was continuous with the zone of striatal necrosis. Rela tively small cortical infarcts not associated with the . 1. r · · · · · · · . . . . "" ' · 1 . irradiated site were seen in three rats. These focal regions of necrosis either were restricted to the su perficial cortical layers or appeared columnar in ap pearance and also extended into deeper cortical layers. Ischemic cell change within intact neuropil was only occasionally detected in neocortex. In a single rat, large numbers of ischemic neurons were seen within reperfused somatosensory cortex.
Scanning electron microscopy
Ultrastructural analysis of the irradiated MCA segment at 15 min following the photochemical in sult demonstrated a large thrombus occupying the vessel lumen (Fig. 3A) . Individual aggregating platelets with pseudopodia were seen at higher magnifications. Immediately downstream, adhering platelets were associated with a damaged endothe lial layer.
At 7 days following recanalization, the irradiated segment of the MCA appeared relatively normal by scanning electron microscopy (Fig. 3B) . The lu minal thrombus visually observed immediately fol lowing irradiation was not detected. Endothelial damage consisted of mild degrees of luminal dis continuity and endothelial surface projections. In dividual platelets were occasionally seen adhering to the luminal surface.
Autoradiographic studies
Control and experimental rats exhibited stable arterial blood pressures and normal physiological variables prior to ICBF study (Table 3) . ICBF values of sham-operated rats and animals with 1-h MCA occlusion and 1-h occlusion/1-h recirculation are presented in Table 4 . At 1 h following MCA oc clusion, lCBF was significantly reduced in all brain areas perfused by the MCA (Fig. 4a ). lCBF reduc tion was most severe within the striatum, being 11 % (0.13 mllg/min) of the control values. Within neocortical regions, sensory cortex demonstrated the most severe reduction of lCBF, amounting to 24% (0.26 mllg/min) of control.
Following recanalization, mean lCBF in the striatum recovered to >50% of control (Table 4) . However, flow patterns in the recirculated state were grossly inhomogeneous; focal regions of low flow within the centrodorsal striatum were fre quently surrounded by relatively high flows within the lateral striatum ( Fig. 4b and c) . ICBF within the lateral striatum at 1 h following recanalization was 0.87 ± 0.19 mllg/min (mean ± SE). In the sensory cortex, ICBF recovered to 75% of control. Two dis tinctive flow patterns were observed within the neocortex. In four of seven rats, alternating columns of relatively high and low flows were de- tected (Fig. 4c ). In the other three rats, ICBF distri bution was relatively homogeneous.
Carbon black perfusion
Perfusion deficits at 1 h following recanalization were not seen within cortical areas except for the zone immediately surrounding the irradiated MCA segment. Within the striatum, major lenticulostriate branches appeared well perfused. Small nodular perfusion deficits were observed in the dorsolateral J Cereb Blood Flow Metab. Vol. 8. No.3. 1988 striatum in three of four reperfused rats. In a single rat, a streaky perfusion deficit was observed in the central striatum.
DISCUSSION
In addition to giving rise to a consistent ischemic lesion, the present model of photochemically in duced MCA occlusion incorporates several impor tant advantages. First, thrombotic occlusion is pro duced by aggregating platelets, so that platelet-en dothelial and platelet-platelet interactions are integral to the model itself. Second, the thrombus can be disrupted at predetermined postocclusion times, providing the opportunity to investigate the consequences of clot dislodgment. Finally, direct manipulation of intracranial arteries is not required, and thrombosis can be produced without damaging the dura, thereby facilitating chronic survival.
The spatial distribution and total infarct volume in the unrecirculated rats of this series were very similar to those obtained with MCA cauterization in the rat (Tamura et aI., 1981; Gotoh et aI., 1986) . Topical application of nimodipine to permanently occluded MCAs tended to increase overall infarct volume within the parietooccipital area. This trend is consistent with the findings of Gotoh et al. (1986) . To pically applied calcium entry blockers, such as nimodipine and nifedipine, are known to produce short-term dilatation of small-caliber cor tical arteries under both normal and ischemic con ditions (Brandt et aI., 1983; Auer and Mokry, 1986; Sahlin et al., 1986) . In our experiments, nimodipine was applied for only 5 min, a period that may have been too short to affect infarct evolution. Nonethe less, the trend toward increasing cortical infarct size with nimodipine suggests a possible deleterious effect of this agent when topically applied after ischemia.
Pathological change in the neocortex was min imal in rats with thrombolysis following I-h occlu sion. Cortical necrosis at the craniotomy site ob- Values are means ± SE, expressed as mllg/min. Significantly different from contralateral side by paired t test: "p < 0.05. Significantly different from sham-operated control by two-way analysis of variance: bp < 0.05; cp < 0.01, Significantly different from I-h brain occlusion by two-way analysis of variance: dp < 0,01.
served in the majority of rats probably resulted from direct laser-induced occlusion of small local MCA branches. Focal damage at the site of MCA occlusion has been noted previously following elec trocautery or clip occlusion of the MCA (Tamura et al., 1981; Coyle, 1982) . In three of six rats following I-h occlusion, small nodular infarcts were docu mented at the periphery of the MCA territory; these may have resulted from embolic occlusion of distal MCA branches by dislodged thrombus frag ments. Columnar patterns of depressed cortical ICBF detected following recanalization may also have resulted from distal artery (pial or perforating artery) occlusion. However, if one considers the absence of cortical perfusion deficits at 1 h after re-canalization shown by carbon black perfusion, and the small degree of cortical pathology documented at 7 days, the effect of secondary embolism may be largely transient under the present experimental conditions. The fact that the photochemically in duced MCA thrombus does not appear to be fibrin stabilized (Watson et al., 1987; Dietrich et aI., 1987c) may have facilitated further breakdown of the dislodged emboli and thus minimized poten tially deleterious consequences. Tamura et al. (1981) reported that 2 h of MCA occlusion in rat produced extensive irreversible ischemic brain damage in the cortex. In that study, cortical ICBF was reduced to 0.24-0.30 ml/g/min during MCA occlusion. This ICBF value in the ischemic cortex is almost identical to our present ICBP values after 1 h of MCA thrombosis. Given the severity and extent of cortical ischemia docu mented after 1 h in the present study, our histopath ological findings with reperfusion indicate that cor tical injury is to a large extent reversible following occlusive thrombosis of the MCA for 1 h.
J Cereb Blood Flow Me/ab. Vol. 8. No.3. 1988 In contrast to the findings seen in the reperfused cortex, histopathological damage in the striatum of recirculated rats was severe and extensive. In re canalized rats, striatal infarction was frequently confined to the dorsolateral crescent, and its volume was significantly less than in nonrecircu lated rats. However, if the entire area of ischemic damage (i.e., neuronal necrosis plus frank infarc tion) was included in the pathological analysis, the major portion of the striatum supplied by the MCA proved to be affected. A possible explanation for this widespread involvement is that the lenticulo striate arteries may have remained nonpatent during nimodipine-facilitated reperfusion, conceiv ably owing to entry of thrombotic material dis lodged from the MCA. This seems to be unlikely since carbon black infusion studies consistently showed that the major lenticulostriate branches were patent during the early reperfusion period. Additionally, ICBP studies demonstrated homoge neous flow recovery in the lateral striatum of most rats with recanalization.
Proximal MCA occlusion in all animal species re sults in severe reductions of ICBF within the striatum (Tamura et aI. , 1981) . It is therefore not surprising that the earliest signs of ischemic damage are frequently detected in this structure (Jones et aI. , 1981; Marcoux et aI. , 1982; Garcia, 1984) . The extent of infarction or ischemic cell damage produced by I h of MCA occlusion in the cat or monkey is reported to be small, consisting of scattered foci of necrosis or ischemic cell damage (Marcoux et aI. , 1982; Garcia et aI. , 1983) . Addi tionally, ICBF reductions have been reported to be both inhomogeneous and unpredictable in larger animal MCA occlusion models (Garcia, 1984) . The extensive histopathological involvement of the striatum documented in the present study might therefore be explained by the severe homogeneous reduction of ICBF in this structure during MCA oc clusion. Residual ICBF in the striatum was 0.13 mllg/min at the end of 1 h of MCA occlusion and 0.87 mllg/min at 1 h following recanalization. In other MCA occlusion models, ICBF reduction to 0.12 mllg/min for 2-3 h is required for infarct for mation (Tamura et aI. , 1980; Jones et aI. , 1981; Marcoux et aI. , 1982; Heiss, 1983) . In view of the significant recovery in lCBF seen at 1 h following recanalization, it may also be reasonable to suggest that unidentified factors such as neurotransmitter release during the ischemic insult (Globus et aI. , 1987) or events accompanying reperfusion may be responsible for the selective necrosis of the striatum under the present experimental condi tions.
The vascular supply to the basal ganglia is in volved in a large percentage (66%) of clinical cere brovascular accidents (Stehbens, 1972; Utterback, 1977) . Owing to similarities in the vasculature, rat ischemia models are felt to be advantageous for re producing human stroke in laboratory animals (Ya mori et aI. , 1976; Rieke et aI., 1981) . Specific mor phological features of the vessels supplying this area may be contributing to the vulnerability of this brain region to clinical stroke and experimentally induced periods of transient ischemia (Rieke et aI., 1981) . Opening of the blood-brain barrier to pro tein tracers has been documented following release of carotid occlusion in gerbils and MeA occlusion in cats (Suzuki et aI. , 1983; Kuroiwa et aI. , 1985) . In the present model, acute blood-brain barrier opening, most intense within the ipsilateral striatum, has been documented with horseradish peroxidase 15 min following MeA thrombosis (Die trich et aI. , 1987 c). Reperfusion into vascular beds made leakage prone by an ischemic or thrombotic event would be expected to increase the likelihood of vasogenic edema resulting in progressive micro circulatory reperfusion deficits and secondary isch emic damage (Schuier and Hossmann, 1980; Die trich et aI. , 1987a,b) .
To summarize, transient thrombotic occlusion of the MeA was achieved photochemically in a manner resembling aspects of human thromboem bolic stroke. Thrombolysis following acute periods of ischemia produced less severe neuropathologic alterations than did permanent MeA occlusion. In the neocortex, infarction and ischemic neuronal damage following 1 h of temporary occlusion were not consistently detected. Although some evidence for fragmented emboli producing small cortical in farcts was obtained, the extent of damage caused by this mechanism was minor compared with that seen with permanent MeA occlusion. In the striatum, a mixed pattern of infarction and ischemic cell change was observed in all reperfused rats. Focal cerebral ischemia produced by MeA throm bosis results in selective vulnerability to the striatum. This model of reversible MeA thrombosis should prove useful in the investigation of reperfu sion injury.
